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Background: The Walking Impairment Questionnaire (WIQ) is used to estimate walking impairment in patients with
peripheral artery disease; however, it faces frequent errors when self-completed and is complex to score. We aimed to
validate an alternative, easily scored four-item tool, the Walking Estimated-Limitation Calculated by History (WELCH)
questionnaire.
Methods: The WIQ and WELCH were prospectively tested in ﬁve centers. We studied 434 patients, among which 298 had
a treadmill test (3.2 km/h; 10% slope) to determine their maximum walking time (MWT), and 30 were seen twice during
the study period.
Results: After self-completion, we found at least one error in 177 WIQ (40.8%; 95% conﬁdence interval [CI], 36.3%-
45.5%) vs 56 WELCH (12.9%; 95% CI, 10.1%-16.4%) questionnaires (P < .0001). When scoring only questionnaires
without missing or duplicate answers, 267 WIQ (61.5%; 95% CI, 56.9%-66.0%) vs 393 WELCH (90.6%; 95% CI,
87.4%-93.0%) questionnaires could be scored (P < .001). The median MWT was 233 seconds (interquartile range,
133-654 seconds) for the 298 patients who had a treadmill test. When the 296 patients who had both questionnaire
scores available were studied, no difference was found between the Pearson r coefﬁcient of correlation of the WIQ
(r[ 0.615) and the WELCH (r[ 0.653) with MWT (P[ .211). In the 30 patients who completed the WELCH twice,
correlation was r [ 0.839 (P < .001) between the two scores in 22 nonrevascularized patients, and the area under the
receiver-operating characteristic curve was 0.830 6 0.105 (P < .01) to discriminate the eight revascularized from the
22 nonrevascularized patients.
Conclusions: The WELCH questionnaire is a simple tool to estimate walking limitation in patients with suspected
peripheral artery disease. It is easily scored by mental calculation. It may help to standardize the estimation of walking
limitation in routine clinical practice. (J Vasc Surg 2013;58:981-8.)Evaluation of walking capacity by history is important
for determining the severity of claudication in patients
with peripheral artery disease (PAD) and assessing the func-
tional impact of vascular treatments.1,2 Among standard
questionnaires, the Walking Impairment Questionnaire
(WIQ) is widely used in vascular3-9 and nonvascular
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://dx.doi.org/10.1016/j.jvs.2013.03.039Unfortunately, the WIQ faces a large number of errors
when self-completed13 and is difﬁcult to score by mental
calculation.
We previously proposed the Estimation of Ambulatory
Capacity by History-Questionnaire (EACH-Q) in patients
reporting vascular-type claudication.14 The EACH-Q is
a four-item questionnaire that estimates the maximum
duration that patients can maintain different displacement
speeds, ranging from “slow walk” to “running.” We
showed that correcting the EACH-Q score by using a coef-
ﬁcient obtained from the self-reported usual walking speed
signiﬁcantly improved the concordance of the EACH-Q
score with treadmill test results in patients with suspected
PAD.15 We also showed that the running item could likely
be removed from the EACH-Q.16
As a result of these observations, we thought that a ﬁnal
questionnaire could be built based on only the ﬁrst three
items of the EACH-Q (ie, without the running item) and
using a self-reported estimation of usual walking speed as
a fourth item. Overall, we wanted this ﬁnal questionnaire
to be very easy and simple to score so that it could be used
as a tool in routine clinical practice. The resulting question-
naire, which we have called the Walking Estimated-
Limitation Calculated by History (WELCH), is not literally
a “new questionnaire” but rather the ﬁnal version of
a progressively developed tool.981
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completion), ease of scoring, and validity (correlation of
the score with treadmill maximum walking time [MWT])
of the WELCH questionnaire in patients referred for clau-
dication suspected of having an arterial origin. We also
report preliminary data on the reliability and sensitivity to
change of the WELCH.
METHODS
A 12-month, prospective, multicenter study, starting
October 2011, was performed in ﬁve vascular centers of
all new patients who were able to walk and were referred
for suspected PAD. The study was approved by the Institu-
tional Review Board (CPP Ouest-II) and was registered
on ClinicalTrials.gov under reference NCT01114178 for
Angers (including a treadmill test) and reference
NCT01632033 for the four other centers. It was per-
formed according to the International Ethics Standards
and conforms to the Helsinki Declaration. All patients
provided written informed consent to participate in the
study. For technical reasons, no register was kept of
patients who refused to participate. All investigators par-
ticipating in the study were instructed on how to complete
the ﬁles and score the questionnaires.
Structure and scoring of the questionnaires. We
used a French version of the WIQ questionnaire, as in
our previous studies13,14,17; however, we did not use the
two questions on pain included in some versions of the
WIQ.12 The WELCH questionnaire was administered in
French (Fig 1). Compared with the item used in our
previous study,15 the answers proposed for the fourth
WELCH item (usual walking speed) have been changed.
Indeed, very few people used the “much faster” answer
that we originally proposed.15
Completion of questionnaires. Patients were
provided a blue or black pen and reading glasses, if
needed, and were asked to self-complete the WELCH
and WIQ questionnaires in the waiting room before their
medical visit. The two questionnaires were printed, one on
each side of the same sheet, and could thereby be
completed in a random order.
Corrections to the self-completed questionnaires.
After the patients self-completed the questionnaires, all
items were immediately checked for completion and errors
with the patient by a trained technician, nurse, or physician.
Corrections were performed with a red pen to discriminate
between original and corrected answers. Searching for
errors does not require that the questionnaire be scored.
Among errors are missing answers (no answer to an item),
duplicate answers (two or more answers to the same item),
and paradoxic answers, such as indicating increasing dura-
tion for the WELCH or decreasing difﬁculty for the WIQ
with increase in task intensity.
Immediate scoring of the questionnaires. Once the
questionnaires were corrected, the technicians, nurses, or
physicians who corrected the questionnaires were asked
to score the WIQ and WELCH questionnaires as often
as possible, if they had time to do so and were willing.This was an option only, the aim being to estimate the
feasibility and ease of scoring in routine clinical practice.
In brief, the WIQ is scored by giving each item a coef-
ﬁcient, and each of the three WIQ subscales is calculated as
the ratio of the sum of each item result to the maximum
possible result. The ﬁnal WIQ score is the mean of the
subscale scores.12,13,18 As previously shown, questionnaires
containing errors can also be scored if rules to be applied to
errors are predeﬁned.12 In case of a duplicate answer, the
highest difﬁculty was used for the analysis. Paradoxic
answers were left unchanged. Then for the WIQ, each
subscale was calculated on the basis of available answers,
with the subscale score being calculated using the maximal
possible score of available items as a denominator. The ﬁnal
WIQ score was calculated as the mean of available subscales
when at least two subscales were available.
For the WELCH, we empirically deﬁned a method for
scoring of the questionnaire that could be easily memorized
and done by mental calculation. The number of points
attributed to the possible durations ranged from 1 point
for “30 seconds” to 7 points for “3 hours or more.” The
eighth answer was “impossible” and was attributed 0 points.
Estimated usual walking speeds were attributed coefﬁcients
ranging from 1 for “much slower” to 5 for “faster.”The ﬁnal
score was the product of the sum of the number of points
obtained at each pace minus 1, by the coefﬁcient issued
from the estimation of walking speed. We assumed that all
included patients would be able to walk for at least
30 seconds if walking at a slow speed (lowest duration
proposed for the slow speed) and that the resulting sum of
points would never be 0. Then, the minimum possible
WELCH score would be 0 ¼ [(1 þ 0 þ 0) 1]  1, and
the maximum WELCH score is 100 ¼ [(7 þ 7 þ
7) 1]  5. For example, an individual reporting to be
able to walk for a maximum of 1 hour at a “slow” speed
(6 points), 10 minutes at a “normal” speed (4 points), and
1 minute at a “fast” speed (2 points) and who reports
walking a bit slower than other people (coefﬁcient ¼ 3)
will have a ﬁnal score of 33 ¼ [(6 þ 4 þ 2) 1]  3. For
missing answers among the ﬁrst three items, the score was
calculated each time two items were available, with the
number of points for the missing item being the mean of
points observed in the other two available items (rounded
to the lower unit). For missing answers in the item dealing
with walking speed, the default speed coefﬁcient was
arbitrarily ﬁxed to 3.
Control of the scorings of questionnaires. When
questionnaires were received at the coordinating inves-
tigation center, the ﬁrst calculation was the number of
scores that would be obtained through a completely nonsu-
pervised use of the questionnaires and not accounting
for corrections done during patient interview and using
predeﬁned rules for errors. Then, questionnaires were
scored accounting for corrections done during the patient
interview and using the predeﬁned rules in the event of
remaining missing answers. This ﬁnal score was referred
to as the correct score (Sc) and was compared with the
score calculated during the patient’s interview.
Fig 1. English translation of the Walking Estimated Limitation Calculated by History (WELCH) questionnaire
originally proposed to the patients in French.
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reporting claudication underwent a treadmill test to esti-
mate walking limitation, which was performed by a physi-
cian blinded to the results of questionnaires. The test
procedure was done as in our previous studies.15 In brief,the speed (3.2 km/h) and slope (10%) were stable for
15 minutes. Then at minute 15, slope and speed were
progressively increased by steps of 1 minute, as previously
reported.15 The purpose here was to have all patients reach
a limit on the treadmill. Before the test, patients were
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their symptoms forced them to stop, not when claudication
ﬁrst occurred. For all tests, we recorded the patient’s MWT
on the treadmill.
Analyses
Feasibility. We analyzed the type and number of
errors observed after self-completion of the question-
naires. Because an error within the questionnaire does not
necessarily mean that the questionnaire score cannot be
calculated, we also identiﬁed the number of questionnaires
that could not be scored.
Ease of scoring. We calculated the number of ques-
tionnaires immediately scored and the number of errors
done in the immediate scoring compared with Sc.
Validity. For patients included in Angers who had
a treadmill test, the correlation of the WELCH scores to
the MWT on the treadmill was performed with linear
regression analysis. Further, receiver-operating characteris-
tics (ROC) curve analysis was performed to deﬁne the
WELCH score value that best predicts the inability to
walk 5 minutes on the treadmill. This point is of interest
because the inability to walk 5 minutes on a treadmill is
used as an indication for treatment choice in PAD.1 This
optimal score to predict the inability to walk 5 minutes on
the treadmill was derived as the score value resulting in the
lowest distance (arbitrary units) of the curve to the 100%
sensitivity/100% speciﬁcity angle on the ROC curve.
Reliability and sensitivity to change. Patients referred
twice during the study period were asked to complete the
WELCH a second time and were classiﬁed according to
whether they had undergone a revascularization between
the two visits. We tested the reliability with regression anal-
ysis in patients who were not revascularized and the ability
of the WELCH to discriminate revascularized from non-
revascularized patients with an ROC curve analysis.
Sample size calculation and statistical analysis.
Results are presented as mean 6 standard deviation,
median (25th-75th percentiles), or percentages with 95%
conﬁdence intervals (CIs), when appropriate. Comparisons
were done with Student t-tests or c2 tests.
The presence of PAD was based on the presence of at
least one of the following criteria: ankle-brachial index at
rest (ratio of the higher ankle systolic arterial pressure to
the highest arm pressure)#0.90 on at least one leg, a history
of surgery for occlusive lower extremity arterial disease, or
an ultrasound or radiologic investigation showing a stenosis
(>50% diameter reduction) on arteries of the lower extrem-
ities. Comparison of Pearson coefﬁcients was done as pre-
viously suggested by Meng et al.19 Area under the ROC
curve was compared with the diagonal (area from a random
choice). Statistical analyses were performed with SPSS 15.0
software (SPSS Inc, Chicago, Ill). For all tests, a two-tailed
P < .05 was used to indicate statistical signiﬁcance.
As in our previous study, we estimated the Pearson
coefﬁcients of correlation (r) between the treadmill result
to be 0.52 for WIQ and 0.65 for the WELCH.15 Assuming
a between-questionnaire coefﬁcient of correlation of 0.75,the minimum number of subjects to reach a power of 80%
for two-tailed a ¼ .05 was 150 individuals. For pragmatic
reasons, the protocol was scheduled during a 6-month
period starting January 1, 2012, to recruit at least 150
patients with a treadmill test.RESULTS
Population. During the 6-month recruitment win-
dow, 440 patients agreed to participate, of whom six were
excluded due to incomplete data ﬁles. Characteristics of
the 434 patients are reported in the Table.
Feasibility of the questionnaires. After self-
completion, we found at least one error on 177 WIQ
(40.8%; 95% CI, 36.3%-45.5%) and 56 WELCH (12.9%;
95% CI, 10.1%-16.4%) questionnaires (P < .001). When
scoring rules to score uncorrected questionnaires were
applied, 411 (94.7%; 95% CI, 92.1%-96.5%) of both the
WIQ and WELCH questionnaires could be scored. After
supervised correction, only ﬁve WIQ and one WELCH
could not be scored because the patients were unable to
answer most of the proposed questions.
Fig 2 shows the distribution of responses for the different
items of the WELCH questionnaire. As shown, <5% of the
patients declared theywalked faster than their friend, relatives,
or people of their age. The distributions of the Sc-WELCH
and Sc-WIQ scores were clearly different (Fig 3), with
the Sc-WIQ tending to be normally distributed, whereas
the Sc-WELCH was clearly not.
Ease of scoring of the questionnaires. After correc-
tion of errors, 301 of all WELCH (69.4%; 95% CI, 64.9%-
73.5%) vs only 25 of all WIQ (5.8%; 95% CI, 3.0%-8.4%)
questionnaires were scored immediately (P < .0001). Of
the 301 immediately calculated WELCH scores, 288
(95.7%; 95% CI, 92.7%-97.5%) results were the same as
the Sc-WELCH, six (2.0%; 95%CI, 0.8%-4.4%) had an error
from 1 to 5 points from the Sc-WELCH, and seven (2.3%;
95% CI, 1.0-4.8) had an error of >5 points from the
Sc-WELCH. Of the 25 immediately calculated WIQ scores,
ﬁve results (20.0%; 95% CI, 8.4%-39.6%) were the same as
the Sc-WIQ, seven (28.0%; 95% CI, 14.1%-47.8%) had
an error from 1 to 5 points from the Sc-WIQ, and 13
(52.0%; 95% CI, 33.5%-70.0%) had an error >5 points
from Sc-WIQ.
Validity of the questionnaires. In Angers, 298 patients
had a treadmill test. No major adverse events occurred
during the treadmill tests, and the median (25th-75th
percentiles) MWT on treadmill was 233 seconds (133-
654 seconds). The distribution of MWT on a treadmill
(Fig 4) was clearly not of Gaussian (normal) type in our
population.
The Pearson r was 0.615 (n ¼ 296) between the WIQ
score and MWT was 0.652 (n ¼ 298) between the
WELCH and MWT. When only the 296 patients that
had both questionnaire scores available were studied, the
Pearson r was between the WIQ and WELCH scores
and MWTs were 0.615 and 0.653, respectively, which
was not signiﬁcantly different (P ¼ .211).
Table. Characteristics of the population
Variablea Angers (n ¼ 298) Other centers (n ¼ 136) Total (N ¼ 434) Pb
Age, years 63.4 6 11.0 64.5 6 10.6 63.7 6 11.0 .33
Male gender 236 (79) 111 (82) 347 (80) .56
Stature, cm 169 6 8 170 6 8 170 6 8 .14
Body mass, kg 77.9 6 16.3 79.5 6 15.1 78.4 6 15.9 .32
Body mass index, kg/m2 27.1 6 4.8 27.3 6 4.6 27.2 6 4.7 .65
Highest arm pressure, mm Hg
Systolic 139 6 15 136 6 18 138 6 17 .05
Diastolic 79 6 9 76 6 11 78 6 10 <.01
Resting ankle-brachial index 0.76 6 0.23 0.90 6 0.35 0.80 6 0.28 <.01
Active smokers 88 (30) 37 (27) 125 (29) .62
Diabetes mellitus 67 (23) 41 (30) 108 (25) .09
History of
Lower limb revascularization 133 (45) 67 (49) 200 (46) <.05
Other cardiovascular surgery 75 (25) 49 (36) 124 (29) <.05
Lumbar/limb osteoarticular disease 68 (23) 26 (19) 94 (22) .39
Chronic pulmonary disease 58 (20) 29 (21) 87 (20) .65
Ongoing treatments
Antiplatelet or anticoagulant drugs 227 (76) 109 (80) 336 (77) .36
b-blockers 90 (30) 58 (43) 148 (34) <.01
Cholesterol-lowering drugs 182 (61) 104 (77) 286 (66) <.01
Antihypertensive drugs 164 (55) 93 (68) 257 (59) <.01
aResults are presented as mean 6 standard deviation for continuous variables or number (%) for categoric variables.
bP values are for the differences between the patients recruited in Angers and the other centers.
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were unable to walk for 5 minutes. When the inability to
walk 5 minutes on a treadmill was used as an end point,
area under the ROC curve for Sc-WELCH was 0.827 6
0.025 (P < .001 from a random choice). Finally, a score
of <25 was the optimal cutoff point to be used for the
Sc-WELCH to detect the inability to walk 5 minutes on
a treadmill.
Reliability and sensitivity to change. Among 30
patients (27 men; age, 64.2 6 8.0 years; body mass,
80.7 6 14.6 kg; stature, 170 6 6 cm) who completed
theWELCH twice, eight had undergone a revascularization
at least 1 month before the second questionnaire was
completed. Intervals between the two questionnaire ﬁllings
were 3.7 6 3.2 months for nonrevascularized patients and
4.9 6 1.7 months for revascularized patients. The corre-
lation between the two WELCH scores was high in the 22
patients who were not revascularized (r ¼ 0.839; P < .001;
Fig 5), with an interval between the two tests of 3.6 6
2.1 months. Finally, the area under the ROC curve was
0.830 6 0.105 (P < .01 from a random choice) to
discriminate the eight revascularized patients from the 22
nonrevascularized patients.
DISCUSSION
One interest of the WELCH questionnaire is its excel-
lent feasibility, including the ability of patients to complete
the questionnaire without help and the low rate of non-
calculable scores. With 29 boxes, the WELCH is one of
the shortest questionnaires ever proposed for the estima-
tion of walking impairment in disabled patients. Other
questionnaires, among them the WIQ, the EACH-Q,
and the Physical Functioning Scale of the MedicalOutcomes Study 36-Item Short-Form Health Survey,
include 30 to 70 boxes.14,18,20 The low number of boxes
is advantageous to reduce completion time and the number
of errors after self-completion and is expected to increase
the response rate during self-completion.21
The issue of errors when completing questionnaires has
not been widely studied and may be subject to debate in
patients with PAD. For example, it is generally considered
that patients will walk longer if walking slower in PAD. The
so-called paradoxic claudication observed in popliteal artery
entrapment syndromes shows that the inverse relationship
that is expected between walking speed and distance may
not be applicable to all patients. Consistently, “duplicate
errors” might result from the patient wanting to indicate
that the exact time that can be walked without stopping
is somewhere between the available answers. The fact
that the answers proposed follow an exponential type
increase is expected to facilitate the choice of the patients22
but may worsen the difﬁculty of choice for the high values.
Further, even scoring with predeﬁned rules accounting for
errors without correction of these errors, the WELCH can
be scored in many more patients than the WIQ, thereby
limiting the frequency of missing data. This is one reason
the WELCH might be preferable in large surveys without
supervision.
The number of questionnaires scored in routine use
was extremely low for the WIQ. Further, many scoring
errors occurred when scoring was attempted in routine
clinical practice. On the contrary, the number of question-
naires scored routinely was fairly high for the WELCH,
with few errors in routine score calculation. In the research
forms that were to be completed, the scoring of question-
naires was optional. Our goal was that the investigators
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Fig 2. Distribution of the number of patients for each of the
proposed answers for the different items of the Walking Estimated
Limitation Calculated by History (WELCH) questionnaire.
Upper panel, The number of answers about maximum walking
time (MWT) for the three walking paces proposed are shown. The
time trends to decrease for an increase of the suggested pace.
Lower panel, The numbers of answers for the item dealing with
the relative usual walking speed are shown (see text for details).
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The purpose here was to reduce the time required for
data sheet completion and also to estimate the ease of
scoring for each questionnaire. The use of a calculator or
a predeﬁned spreadsheet could facilitate the scoring of
the WIQ. Some of the current investigators did use a calcu-
lator, but most did not. The other point of interest is that
among calculated scores, the concordance with the Sc and
the score calculated by the investigator was almost perfect
for the WELCH but was not always satisfactory for the
WIQ. A bias due to the investigators being aware of which
questionnaire was the “new” one, and being more careful
when scoring it, cannot be excluded, because many publi-
cations using the WIQ are available to date.
From the literature, the low correlation of walking
capacity or quality-of-life questionnaires to treadmill results
is a common observation in PAD3,5,18,23-26 and non-PAD
patients.24,27,28 This does not mean that questionnaires are
useless. Although the treadmill test provides objective
measurements, subjective report remains essential to esti-
mate how patients perceive their disease or the effects of
treatments.29 The Pearson correlation of the WELCH
score to walking duration on a treadmill is clearly in thehigh range of previously reported values with other
proposed questionnaires.3-5,16,23,30 Testing of the
WELCH against other objective measures of walking
capacity should be done to conﬁrm this observation.
From our ROC curve analysis, we can speculate that a score
of <25 points should provide w75% sensitivity and 80%
speciﬁcity to predict the inability to walk 5 minutes on
the treadmill in future studies.
This study has some limitations. First, although there is
some evidence to support the use of the WELCH, there
might still be an advantage with the WIQ because recent
versions of the WIQ include questions that are speciﬁc to
PAD,12 whereas the WELCH could potentially reﬂect limi-
tations in walking not necessarily due to PAD.
Second, reliability and sensitivity to change of the
WELCH were tested in a very small group and have to
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Fig 5. Test-retest submission of the Walking Estimated Limitation
Calculated by History (WELCH) in revascularized (ﬁlled squares)
and nonrevascularized (open circles) patients. Score 1 and score 2 are
the results observed during the ﬁrst and second questionnaire
submission, respectively. The regression line (with its equation) is
for nonrevascularized patients only to estimate test-retest reliability.
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naire requires respondents to compare their walking abili-
ties with those of their peers (family and friends), it could
be suggested that this adds some variability to the ques-
tionnaire because different patients will walk with people
of different abilities or perhaps not walk with anyone else
at all. This cannot be excluded. Our purpose here was to
account for the inverse relationship found between
maximal walking distance and walking speed in PAD and
also the decrease of walking speed with age, hopefully
making the WELCH less sensitive to age than the
WIQ.17 This has to be proved through future studies.
Third, the Cronbach a has been suggested as the best
indicator of questionnaire reliability; however, results
from this test are, by construction, worse in shorter
questionnaires.31
Fourth, the way we dealt with missing answers for the
WELCH was arbitrarily deﬁned and could be improved in
the future.
Finally, the possibility to adapt the questionnaire in
various languages and the generalizability of results in
different populations require future research.
CONCLUSIONS
The WELCH assessment integrates the concept that
speed and maximal walking capacity are expected to be
inversely related in PAD patients. The WELCH question-
naire is brief, can be scored by mental calculation, and
provides a calculable score in >95% of routine-use cases
after self-completion, provided that simple rules for missing
or duplicate data are used. A WELCH score of <25 pointsseems the optimal cutoff point to be used in predicting the
inability of an individual referred for claudication of sus-
pected vascular origin to perform a 5-minute walking test
on a treadmill. The accuracy of this cutoff limit to predict
the need for revascularization needs to be tested prospec-
tively. Lastly, suitability of the WELCH to evaluate the
effects of treatments remains to be estimated.
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